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Three different solvent extraction systems (three different ionic liquids) were
compared in order to upscale the most convenient one to a continuous process
(mixer-settler with a countercurrent circuit).
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End-of-life permanent magnets are valuable secondary sources of rare-earth elements and
cobalt. The solvent extraction of metals from SmCo magnets by ionic liquids was investigated.
Ionic liquids (ILs) are solvents that consist entirely of ions. Undiluted ionic liquids in solvent
extraction represent a greener and safer alternative to common volatile and flammable
molecular solvents, like kerosene or toluene. This work focuses on upscaling of various
solvent extraction processes with ionic liquids developed at KU Leuven.
Challenge Microscope -
Extractions experiments were performed at equal conditions for all the systems.
The metal concentrations were analyzed by Total Reflection X-ray Fluorescence
spectroscopy (TXRF). [A336][SCN] is not stable (photosensitive, decomposes at
elevated temperatures). [A336][Cl] provides a higher selectivity than [A336][NO3].
Objectives Extraction mechanism and phase disengagement
Extraction studies in a small lab-scale
[A336][Cl] has been
selected for the
continuous process. Every
single unit of the process,
so the extraction,
scrubbing and stripping
can be optimized
(temperature,
Conclusion 
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 Solvent extraction system:
 Difficulties related to the studied systems.
 Extraction isotherms (%E) for
extraction by [A336][Cl] at the conditions
40°C, 2000 rpm, 2 h, O/A = 1/1.
1.  Solvent extraction with undiluted ionic liquids.
2. Upscaling to the continuous process (mixer-settler).
Target: To reach a very high purity of the recovered metals 
(in the form of oxides).
↑ concentrated leachate 
of SmCo magnets
 Distribution ratios (D) for extraction
of Co, Cu and Sm from chloride solution
by [A336][Cl] at O/A = 1/1.
≥ 99.5% pure Sm
≥ 99.0% pure Co
Upscale
Highly concentrated 
chloride solution 
(↑ density)
Ionic liquid used as 
the organic phase
(↓ density)
29.7
46.3
14.9
7.5
1.3
Sm
Co
Fe
Cu
Zr
 SmCo5 magnet composition [wt.%]:
The structure of metal complexes in the ionic liquid phase was determined by
Extended X-ray Absorption Fine Structure (EXAFS) spectrometry at the Dutch-
Belgian Beamline (DUBBLE, BM26A), the European Synchrotron Radiation
Facility in Grenoble (France). The McCabe-Thiele graphical method was used to
determine the number of stages required for extraction, scrubbing and stripping.
The phase disengagement time was studied as a function of different
parameters (kind of stirrer, addition of CaCl2, temperature and phase ratio). This
information is relevant to the design of mixer-settler.
 Pictures 
before and after 
extraction of 
single elements 
to ionic liquid. 
EXAFS function 
χ(k)*k3 and 
model of 
[CoCl4]
2- and 
[Sm(H2O)9]
3+ 
complex in IL 
[A336][Cl].
Sm:
Co:
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3+
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2-
Co K 7709 eV
Sm L3 6716 eV
 Separation factors (α) between
individual metals for extraction with
[A336][Cl] at 3.6 M CaCl2.
Co Cu
Sm 2299 386
Co 6
IL[A336][Cl]
selectivity
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 Multistage mixer-settler with a countercurrent circuit.
salt concentration, phase ratio, mixing power, flow rate). The
advantage is that the stripping can be done easily by water and IL is fully reused.
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